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Abstract. Embryo implantation is essential for a successful 
pregnancy, and leads to the decidualization of endometrial 
stromal cells (ESCs) in the secretory phase of the menstrual 
cycle. It has previously been demonstrated that decidual 
stromal cells (DSCs) co‑express interleukin (IL)‑25/IL‑17RB 
and that IL‑25 further promotes the proliferation of DSCs 
via activating c‑Jun n‑terminal kinase and protein kinase B 
signals, therefore the present study primarily focused on the 
role of IL‑25 in the process of decidualization in vitro. It was 
demonstrated that the expression of IL‑25/IL‑17RB in ESCs 
was decreased compared with DSCs. In addition, following 
decidualization, the expression levels of IL‑25/IL‑17RB in 
ESCs were significantly elevated. Recombinant human (rh) 
IL‑25 promoted the decidualization of ESCs in the presence of 
8‑bromoadenosine 3',5'‑cyclic monophosphate sodium salt and 
6α‑methyl17α‑acetoxyprogesterone, which was partially inhib-
ited by anti‑human IL‑25 neutralizing antibody (anti‑IL‑25) or 
anti‑IL‑17RB. In addition, decidual natural killer (dNK) cells 
not only secreted IL‑25, however also further accelerated the 
decidualization in vitro. Therefore, these findings indicated 
that ESCs differentiate into DSCs in the presence of ovarian 
hormones, resulting in the upregulation of IL‑25/IL‑17RB 

expression in ESCs. Furthermore, IL‑25 secreted by ESCs 
and dNK cells further facilitates the decidualization of 
ESCs, which may form a positive feedback mechanism at the 
maternal‑fetal interface and thus contribute to the establish-
ment and maintenance of normal pregnancy.

Introduction

Embryo implantation is important for a successful pregnancy, 
and this depends on the bidirectional crosstalk between a 
vital embryo and a receptive endometrium (1). This triggers 
a series of responses to ovarian steroid hormones, collec-
tively termed decidualization, during which the elongated 
fibroblast‑like endometrial stromal cells (ESCs) undergo 
proliferation and differentiation into larger, spherical 
decidual cells (2‑5). At the same time, immune cells of the 
uterus also undergo consequential alterations, including an 
influx of macrophages and proliferation of uterine natural 
killer (NK) cells (6), which contribute 30‑40% of the leuko-
cytes in the decidua during the first trimester. Inappropriate 
implantation and placentation lead to infertility (7,8) and are 
thought to result in other obstetric complications (9,10).

In the process of decidualization, a lot of genes are 
upregulated or downregulated in ESCs  (11), including 
prolactin (PRL) and insulin growth factor binding protein 1 
(IGFBP‑1) which increase, and are thus thought to be specific 
markers of decidualization  (12). Previous studies have 
revealed that progesterone combined with other endocrine 
factors, including prostaglandin E2, relaxin, gonadotrophins, 
and cyclic adenosine monophosphate (cAMP), may trigger 
the process (12,13). The combination of 8‑bromoadenosine 
3',5'‑cyclic monophosphate sodium salt (8‑br‑cAMP) and 
6α‑methyl17α‑acetoxyprogesterone (MPA) stimulate the 
decidualization effectively (12).

IL‑25, additionally termed IL‑17E, is a member of the 
IL‑17 family, which includes IL‑17A‑F. Unlike the role of other 
members of the IL‑17 family, IL‑25 appears to be involved in the 
promotion of the T helper (Th) 2 cell immune response in aller-
gies, asthma, and enteric nematode infections (14). IL‑17RB, the 
principal recognized IL‑25 receptor, is a 56‑kDa single trans-
membrane protein, which has a substantial effect on various 
cells by interacting with IL‑25, including eosinophils, mast cells, 
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monocytes and T cells. Previous studies have demonstrated that 
IL‑25 enhances human umbilical vein endothelial cell prolifera-
tion and the length, number, and area of microvessel structures 
in a concentration‑dependent manner in vitro, and additionally 
promotes angiogenesis (15,16). The downregulation of IL‑25 in 
villus from patients with recurrent miscarriages may alter the 
Th1/Th2 ratio (17), suggesting that IL‑25 may have an impor-
tant role in maintaining a successful pregnancy.

The authors previously demonstrated that human chorionic 
gonadotrophin (hCG) derived from trophoblasts upregulates 
the expression of IL‑25/IL‑17RB in decidual stromal cells 
(DSCs) and that IL‑25 further stimulates the proliferation of 
DSCs by activating c‑Jun n‑terminal kinase (JNK) and protein 
kinase B (AKT) signaling pathways, contributing to the estab-
lishment and maintenance of normal pregnancy (18). However, 
when the expression of IL‑25 or the concentration of hCG is 
abnormal, it may influence the proliferation of DSCs and result 
in abortion. Regarding the differentiation of ESCs into DSCs, 
whether ESCs express IL‑25 and if IL‑25 exhibits a role in the 
decidualization process, remains to be elucidated. Therefore, 
the present study aimed to investigate the expression of IL‑25 
in ESCs and its function in decidualization.

Materials and methods

Specimen collection. All tissue samples were collected 
with informed consent according to the requirements of the 
Research Ethics Committee in the Obstetrics and Gynecology 
Institute, Fudan University Shanghai Medical College 
(Shanghai, China). All subjects completed informed consent 
forms for collection of tissue samples. In addition, the present 
study was specifically approved by the Research Ethics 
Committee in the Obstetrics and Gynecology Institute, Fudan 
University, Shanghai Medical College (Shanghai, China). 
Endometrial samples (n=18) were obtained from healthy 
women with a regular menstrual cycle (age 25‑45  years). 
The women had not taken medications or received hormonal 
therapy for at least 6 months prior to surgery, nor did they have 
medical histories, including high blood pressure, diabetes, 
infertility, or spontaneous abortion. The curettage procedure 
was performed during the secretory phase of the menstrual 
cycle. In addition, pre‑operative examination demonstrated no 
pathogen infection, and the endometrium was normal (verified 
by histopathological studies). Decidual samples (n=18) were 
obtained from normal pregnant women (age 29.24±3.17 years; 
gestational age 8.11±1.37 weeks; mean ± standard deviation) 
whose pregnancies were terminated for non‑medical reasons.

Cell isolation and culture. The endometrial tissues were 
immediately placed into cold Dulbecco's modified Eagle's 
medium (DMEM; Invitrogen; Thermo Fisher Scientific, Inc., 
Waltham, MA, USA), transported to the laboratory within 1 h 
following surgery, and washed with Hank's balanced salt solu-
tion for isolation of ESCs. The ESCs were isolated as previously 
described (19), and the purity of ESCs was approximately 90%. 
ESCs were used following two passages. The tissues from the 
first‑trimester pregnancy were immediately placed into cold 
DMEM, transported to the laboratory within 1 h following 
surgery, and washed with Hank's balanced salt solution for 
isolation of DSCs and decidual immune cells (DICs). The 

DSCs and DICs were isolated as previously described (20), 
and the purity of DSCs was approximately 90%. DSCs were 
used following two passages.

Isolation and culture of dNK cells. dNK cells were isolated 
using a magnetic activated cell sorting human NK cell 
negative selection isolation kit (Miltenyi Biotec, Bergisch 
Gladbach, Germany) in accordance with the manufac-
turer's protocol. The collected dNK cells were incubated with 
fluorescein‑isothiocyanate (FITC)‑conjugated anti‑CD56 
(cat. no. 562794; 1:50; BD BioSciences, Franklin Lakes, NJ, 
USA) and allophycocyanin (APC)‑conjugated anti‑CD16 (cat. 
no. 17‑0168‑41; 1:50; eBioscience; Thermo Fisher Scientific, 
Inc.) monoclonal antibodies in a final volume of 100 µl flow 
staining buffer for 30 min at 4˚C. Then, the purity of dNK cells 
was evaluated by FACScan flow cytometry (BD Biosciences, 
Franklin Lakes, NJ, USA), and data were analyzed by Flow Jo 
software (version 8.7, FlowJo LLC, Ashland, OR, USA).

ESC culture experiments. ESCs (2x105 cells per well) from six 
different patients were seeded in 12‑well plates and cultured 
at 37˚C in a humidified atmosphere incubator containing 
5% CO2 and, following attachment to the wall, the medium 
was replaced with phenol red‑free DMEM supplemented 
with 2% dextran‑coated charcoal‑treated fetal bovine serum 
(FBS; Hyclone; GE Healthcare Life Sciences, Logan, UT, 
USA). Decidualization of ESCs was induced with 8‑br‑cAMP 
(0.5 mM; Sigma‑Aldrich; Merck KGaA, Darmstadt, Germany) 
and MPA (1 µM; Sigma Aldrich; Merck KGaA), whereas the 
controls were treated with medium only. Next, to explore 
the role of IL‑25 in decidualization, ESCs were treated with 
medium, cAMP+MPA and cAMP+MPA+recombinant human 
(rh) IL‑25 respectively for 2, 4, 6 and 8 days. ESCs were also 
pre‑treated with anti‑IL‑25 or anti‑IL‑17RB neutralizing 
antibody for 1  h, and then stimulated with cAMP+MPA 
for decidualization. The working concentrations of recom-
binant human (rh) IL‑25, anti‑human IL‑25 neutralizing 
antibody (anti‑IL‑25), and anti‑IL‑17RB (R&D Systems, Inc., 
Minneapolis, MN, USA) were 1 ng/ml, 1 µg/ml, and 1 µg/ml, 
respectively. The media were replaced every 2 days.

Co‑culture of dNK cells with ESCs. ESCs (2x105 cells per 
well) from six different patients were seeded in 12‑well plates. 
Following pre‑treatment with 0.5 mM 8‑br‑cAMP and 1 µM 
MPA for 3 days, the supernatant was removed, and ESCs were 
co‑cultured with dNK cells, induced NK cells (pretreated with 
8‑br‑cAMP plus MPA for 3 days), and 8‑br‑cAMP plus MPA 
respectively, whereas the controls were treated with medium 
only. The supernatant was collected 3 days later to detect the 
concentration of PRL. In order to explore whether co‑culture 
of dNK cells with ESCs affected the expression of IL‑25, ESCs 
(1x105 cells per well) from six different patients were seeded 
in 24‑well plates overnight. Then, dNK cells (1x105 cells per 
well) from six different patients were co‑cultured with ESCs 
for 48 h.

Enzyme‑linked immunosorbent assay (ELISA). ESCs 
(2x105  cells per well) were seeded in 12‑well plates. 
Following culture in conditioned media for 2, 4, 6, and 8 days 
(D2, D4, D6, and D8, respectively), the culture supernatants 
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were harvested at 12,000 x g for 10 min at 4˚C, and stored 
at ‑80˚C. The concentration of PRL was detected by ELISA 
according to the manufacturer's protocol (KA0217; Alpha 
Diagnostic International Inc., San Antonio, TX, USA). dNK 
cells (5x105 cells per well) were seeded in 24‑well plates for 
24, 48, 72 and 96 h; the culture supernatants were harvested, 
centrifuged to remove cellular debris, and stored at ‑80˚C. The 
concentration of IL‑25 was detected by ELISA according to 
the manufacturer's protocol (Assay Biotech Company Inc., 
Sunnyvale, CA, USA).

Western blot analysis. ESCs (5x105 cells per well) were seeded 
in six‑well plates. Following culture in conditioned media for 2, 
4, 6, and 8 days, the ESCs were lysed in radioimmunoprecipi-
tation assay lysis buffer (Beyotime Institute of Biotechnology, 
Shanghai, China) containing 1% proteinase inhibitors 
(Beyotime Institute of Biotechnology). The protein concen-
tration was detected by bicinchoninic acid assay (Beyotime 
Institute of Biotechnology). Each sample (25 µg) was loaded 
on a 10% sodium dodecyl sulfate–polyacrylamide gel for elec-
trophoresis, then the proteins were transferred onto a polyvinyl 

difluoride membrane (EMD Millipore, Billerica, MA, USA), 
followed by incubation of the membrane in blocking buffer 
containing 5% non‑fat dry milk for 1 h at room temperature. 
Next, the membrane was incubated overnight at 4˚C with the 
following primary antibodies in blocking buffer: Polyclonal 
anti‑human‑IGFBP‑1 (ab4249; 1:1,000; Abcam, Cambridge, 
MA, USA); monoclonal anti‑human‑actin (AF0003; 1:1,000; 
Beyotime Institute of Biotechnology). Then, following a 
10 min wash, 3 times, the membrane was incubated with 
horseradish peroxidase‑conjugated anti‑rabbit or anti‑mouse 
IgG secondary antibodies (NA931, NA934; 1:5,000; GE 
Healthcare, Chicago, IL, USA) for 1 h at room temperature. 
Blots were exposed via using the Amersham ECL detection kit 
(GE Healthcare). The results were scanned and densitometri-
cally analyzed via ImageJ software (version 1.6.0, National 
Institutes of Health, Bethesda, MD, USA).

Flow cytometry. DSCs, ESCs, and dNK cells were 
collected separately and washed with phosphate buff-
ered saline. Following blocking with 10% FBS (1:10) 
at room temperature, the recovered cells were mixed 

Figure 1. Expression of IL‑25/IL‑17RB in ESCs and DSCs. (A) Human primary ESCs (n=6) and DSCs (n=6) were isolated from normal healthy volunteers. 
The expression of IL‑25/IL‑17RB in ESCs and DSCs was detected by flow cytometry. Quantification of (B) IL‑25 and (C) IL‑17RB. DSCs expressed an 
increased level of IL‑25 and IL‑17RB compared with ESCs. Data are presented as mean ± standard deviation. *P<0.05 vs. ESCs. IL, interleukin; ESCs, 
endometrial stromal cells; DSCs, decidual stromal cells. 
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Figure 2. Decidualization increases the expression of IL‑25/IL‑17RB in ESCs. The establishment of an in vitro decidualization model. ESCs (n=6) were treated 
with 0.5 mM 8‑br‑cAMP and 1 µM MPA for 2, 4, 6 and 8 days (D2, D4, D6, and D8, respectively). (A) Expression level of IGFBP‑1 was detected by western 
blot analysis, and (B) PRL level in the cell culture supernatant was detected by ELISA. **P<0.01, ***P<0.001. Following in  vitro decidualization, the expression 
of IL‑25/IL‑17RB in ESCs was detected. Following treatment with 8‑br‑cAMP and MPA, (C) IL‑25 and (D) IL‑17RB expression levels were detected at 2 days 
and (E) IL‑25 and (F) IL‑17RB levels detected again at 6 days via flow cytometry. *P<0.05 vs. medium control. Data are presented as the mean ± standard 
deviation. IL, interleukin; ESCs, endometrial stromal cells; 8‑br‑cAMP 8‑bromoadenosine 3',5'‑cyclic monophosphate sodium salt; MPA, 6α‑methyl17α‑acet
oxyprogesterone; IGFBP‑1, insulin growth factor binding protein 1; PRL, prolactin. 
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with APC‑conjugated anti‑IL‑17RB [or phycoerythrin 
(PE)‑conjugated anti‑IL‑17RB; FAB1207A or FAB1207P; 
1:50; R&D Systems, Inc.] in the dark for 45 min at room 
temperature, washed with phosphate buffered saline to 
remove unbound antibody. Then, following fixation and 
permeabilization (Fixation/Permeabilization Solution kit; 
554714; 250 µl/tube, BD Biosciences) for 30 min at room 
temperature, the cells were incubated with PE‑conjugated 
anti‑IL‑25 (or APC‑conjugated anti‑IL‑25; 1:50, catalog. 
no. IC1258P or IC1258A, R&D Systems, Inc.) for another 
1 h at room temperature. The isotype control was used as 

a negative control. Following incubation, the cells were 
washed and analyzed immediately using a flow cytometer 
(FACS Beckman; BD BioSciences), and data were analyzed 
by Flow Jo software (version 8.7, FlowJo LLC).

Statistical analysis. The data were analyzed using the least 
significant difference test following one‑way analysis of vari-
ance, or a Student's t‑test. SPSS software, version 17.0 (SPSS, 
Inc., Chicago, IL, USA) was used to analyze data. All values 
are presented as the mean ± standard deviation. P<0.05 was 
considered to indicate a statistically significant difference.

Figure 3. IL‑25 promotes the decidualization of ESCs. Following treatment with medium, 8‑br‑cAMP plus MPA or 8‑br‑cAMP+MPA+recombinant human 
IL‑25 for 2, 4, 6, and 8 days, the expression levels of IGFBP‑1 and PRL was detected by western blot analysis and ELISA, respectively. (A) Representative 
western blot of IGFBP‑1 in ESCs (n=6). (B) Densitometric quantification of IGFBP‑1 in ESCs. *P<0.05 vs. control group, #P<0.05 vs. 8‑br‑cAMP plus MPA 
group. (C) The level of PRL secreted by ESCs (n=6) in the culture supernatant. *P<0.05 vs. control group, #P<0.05, ##P<0.01 vs. 8‑br‑cAMP plus MPA group. 
(D) Following treatment with 1 µg/ml anti‑IL‑25 or anti‑IL‑17RB 1 h prior to the 8‑br‑cAMP plus MPA treatment, the PRL level in the supernatant was 
detected by ELISA after a 6 day period. *P<0.05, **P<0.01 vs. 8‑br‑cAMP plus MPA group; ***P<0.001 vs. control group. Data are presented as the mean ± stan-
dard deviation. IL, interleukin; ESCs, endometrial stromal cells; 8‑br‑cAMP 8‑bromoadenosine 3',5'‑cyclic monophosphate sodium salt; MPA, 6α‑methyl17α
‑acetoxyprogesterone; IGFBP‑1, insulin growth factor binding protein 1; PRL, prolactin; anti‑IL, anti‑human neutralizing antibody.
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Figure 4. dNK cells and ESCs secrete IL‑25, the level of which further increases following co‑culture. dNK cells (n=6) secreted IL‑25, the expression of which 
was increased following co‑culture with ESCs. (A) Primary dNK cells were isolated from normal healthy volunteers, and the purity of dNK cells was evaluated 
by flow cytometry. (B) IL‑25 secreted by dNK cells was detected by ELISA following 24, 48, 72 and 96 h. *P<0.05, **P<0.01, ***P<0.001. (C) Expression of 
IL‑25 in dNK cells alone was detected by flow cytometry, and then again following co‑culture with ESCs for 48 h. ****P<0.0001 vs. dNK cells‑only group. The 
expression of (D) IL‑25 and (E) IL‑17RB in ESCs (n=6) alone, was detected by flow cytometry, and then again following co‑culture with dNK cells for 48 h. 
**P<0.01 vs. ESCs‑only group. Data are presented as the mean ± standard deviation. IL, interleukin; ESCs, endometrial stromal cells; dNK, decidual natural 
killer; CD, cluster of differentiation. 
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Results

Expression of IL‑25 and IL‑17RB in DSCs is increased 
compared with ESCs. Flow cytometry was used to investigate 
the expression level of IL‑25 and IL‑17RB in ESCs and compare 
it with DSCs. As presented in Fig. 1A‑C, the percentage of 
IL‑25‑ and IL‑17RB–positive ESCs was decreased compared 
with DSCs, which indicated that the expression of IL‑25 and 
IL‑17RB in ESCs was increased following decidualization. 
Therefore, it was hypothesized that IL‑25 may be involved in 
the decidualization of ESCs.

Decidualization upregulates the expression of IL‑25/IL‑17RB 
in ESCs. Next, to investigate the effect of decidualization on 
the expression of IL‑25 and IL‑17RB in ESCs, the present 
study induced the decidualization of ESCs in  vitro using 
8‑br‑cAMP and MPA. Following treatment with 8‑br‑cAMP 
and MPA for 2, 4, 6 and 8 days, the expression of IGFBP‑1 
and PRL in ESCs was detected by western blot analysis and 
ELISA, respectively (Fig. 2). As presented in Fig. 2A and B, 
the expression of IGFBP‑1 increased following induction, 
compared with control group (Fig. 2A). The levels of PRL in 
the cell culture supernatant were also elevated in a time‑depen-
dent manner during the decidualization process (Fig. 2B). The 
results indicated that the establishment of an in vitro decidu-
alization model was successful. Following treating ESCs with 
8‑br‑cAMP plus MPA for 2 and 6 days, the expression levels of 
IL‑25 and IL‑17RB in ESCs were analyzed by flow cytometry, 
and it was demonstrated that the percentage of IL‑25‑positive 
ESCs (Fig. 2C and E) and IL‑17RB‑positive ESCs (Fig. 2D 
and F) was increased compared with the control group at 2 or 
6 days. Therefore, these findings demonstrated that the expres-
sion of IL‑25 and IL‑17RB in ESCs was increased following 
decidualization in vitro, which was consistent with the results 
presented in Fig. 1.

IL‑25 promotes the decidualization of ESCs in vitro. To explore 
the role of IL‑25 in the process of decidualization, the present 
study induced the decidualization of ESCs in vitro by adding 
rhIL‑25 to the conditioned media for 2, 4, 6 and 8 days. Then, 
the expression levels of IGFBP‑1 and PRL were detected by 
western blot analysis and ELISA, respectively, which revealed 
that rhIL‑25 further enhanced the expression of IGFBP‑1 
(Fig. 3A and B), in addition to the expression of PRL (Fig. 3C). 
However, when blocking IL‑25 with anti‑25 or anti‑IL‑17RB, 
the increase in PRL expression level was partially abrogated 
(Fig. 3D). Based on these findings, it was hypothesized that 
IL‑25 promoted the decidualization of ESCs.

ESCs and dNK cells express IL‑25. To investigate whether 
dNK cells secrete IL‑25 at the maternal‑fetal interface, the 
present study isolated primary dNK cells and using flow 
cytometry, identified their purity, which was >95% (Fig. 4A). 
Then, dNK cells were cultured in vitro for 24, 48, 72, and 96h, 
and the ELISA result indicated that dNK cells secreted IL‑25 
in a time‑dependent manner (Fig. 4B). In addition, dNK cells 
were co‑cultured with ESCs for 48 h to detect the expression 
of IL‑25/IL‑17RB. Data presented in Fig. 4C‑E indicated that 
the expression of IL‑25 in dNK cells (Fig. 4C) and the expres-
sion of IL‑25/IL‑17RB (Fig. 4D‑E) in ESCs were increased 

following co‑culture. Therefore, these results suggested that 
the dNK cells and ESCs secreted IL‑25, the level of which was 
further increased following co‑culture.

dNK cells promote the decidualization of ESCs. Next, the 
present study co‑cultured ESCs (pretreated with 8‑br‑cAMP 
plus MPA for 3 days) with dNK cells, induced dNK cells 
(pretreated with 8‑br‑cAMP plus MPA for 3  days), and 
8‑br‑cAMP plus MPA for another 3 days. The ELISA results 
of the PRL detection revealed that dNK cells alone did not 
induce the decidualization of ESCs, however, induced dNK 
cells promoted the process significantly (Fig. 5).

In conclusion, the results of the present study demon-
strated that in normal pregnancy, ovarian hormones induce the 
decidualization of ESCs, resulting in the increased expression 
of IL‑25/IL‑17RB in ESCs (Fig. 6). The crosstalk between 
ESCs and dNK cells may further promote the decidualization 
in vitro by upregulating IL‑25, thus contributing to the embryo 
implantation and successful pregnancy.

Discussion

It has previously been demonstrated that endometrial 
development and blastocyst implantation are critical for 
the initiation of pregnancy. The decidualization of uterine 
endometrium is one of the cornerstones of embryo implanta-
tion and maintenance of pregnancy. Decidualization, which 
usually occurs in the late secretory phase of the menstrual 
cycle, is defined as the proliferation and differentiation of 
ESCs under certain conditions. With fertilization, embryo 
implantation and trophoblastic invasion, the process of 
decidualization expands from the uterine spiral artery to the 
entire endometrium in a wavelike manner (21). In humans and 
mice, the level of decidualization is consistent with the level 
of trophoblastic invasion, regulating embryo implantation, 
placenta formation, and maintenance of normal pregnancy 
accurately. However, failure of decidualization may influ-
ence trophoblastic invasion, leading to infertility, recurrent 

Figure 5. dNK cells promote decidualization. Following pretreatment with 
8‑br‑cAMP plus MPA for 3 days, endometrial stromal cells were co‑cultured 
with dNK cells and induced NK cells (pretreated with 8‑br‑cAMP plus 
MPA for 3 days) for another 3 days and the PRL level in the supernatant 
was detected by ELISA. **P<0.01 vs. control group. Data are presented as 
the mean ± standard deviation. dNK, decidual natural killer; 8‑br‑cAMP 
8‑bromoadenosine 3',5'‑cyclic monophosphate sodium salt; MPA, 
6α‑methyl17α‑acetoxyprogesterone; PRL, prolactin.
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miscarriage, pre‑eclampsia, intra‑uterine growth restriction, 
preterm birth and other diseases (22).

Currently, PRL and IGFBP‑1 are widely used as symbols 
of decidualization  (23‑27). PRL, a polypeptide protein 
hormone secreted by the anterior lobe of the pituitary gland, is 
expressed in the anterior pituitary gland cells, skin fibroblasts, 
and DSCs (28). In addition to promoting latex secretion, PRL 
regulates multiple reproductive functions. Deficiency of PRL 
or its receptor in mice leads to embryo loss, degradation of 
fertilized eggs in the fallopian tube, and estrous cycle disor-
ders (29). Furthermore, PRL inhibits the expression of IL‑6 and 
20 α‑hydroxysteroid dehydrogenase, which are detrimental to 
pregnancy (30). IGFBP‑1, localized to predecidualized stromal 
cells during the late secretory phase of endometrium and to 
DSCs in pregnant endometrium (31,32), has been revealed 
to inhibit trophoblast invasion (33) and stimulate cell migra-
tion and adhesion (34). The combination of 8‑br‑cAMP and 
MPA mediates the maximal efficiency of decidualization (12), 
therefore the present study used cAMP together with MPA to 
induce the decidualization, which proved successful.

Based on the author's previous findings, it was speculated 
that IL‑25 has an effect on the differentiation of ESCs into 
DSCs. The expression of IL‑25/IL‑17RB in ESCs and DSCs 
was investigated, and it was demonstrated that the expression 
level of IL‑25/IL‑17RB in DSCs was increased compared 
with ESCs. In addition, following decidualization in vitro, 
the expression of IL‑25/IL‑17RB in ESCs was significantly 
increased. Therefore, ESCs may express IL‑25/IL‑17RB, and 
the expression level is increased following decidualization. 
Then, by using rh‑IL‑25, it was revealed that IL‑25 combined 
with 8‑br‑cAMP and MPA promoted the process more effi-
ciently compared with 8‑br‑cAMP and MPA alone. Conversely, 
when blocking IL‑25 with anti‑IL‑25 or anti‑IL‑17RB, the role 
of 8‑br‑cAMP and MPA in stimulating decidualization was 
partially weakened. Therefore, it was concluded that IL‑25 
promoted decidualization and that upregulation of IL‑17RB 
in ESCs during decidualization increases the sensitivity of 
IL‑25, which further facilitates the process. In addition, the 
AKT and JNK signaling pathways are involved in decidual-
ization (35,36), and the authors previously demonstrated that 

IL‑25 activates AKT and JNK signals in DSCs. Therefore, 
IL‑25 may promote the decidualization via the AKT and 
JNK signaling pathways. cAMP, a secondary messenger, has 
been demonstrated to activate its downstream protein kinase 
A (PKA) (37), cAMP‑gated ion channels (38), and exchange 
proteins activated by cAMP (39), as well as popeye domain 
containing proteins (40). It has been revealed that vasoac-
tive intestinal peptide inhibits lipopolysaccharide‑mediated 
IL‑17A expression via the PKA and protein kinase C (PKC) 
pathways (41). Therefore, the PKA and PKC pathways may 
contribute to the increase of IL‑25 expression induced by 
cAMP and MPA, which requires further verification.

dNK cells, most of which are CD56bright CD16‑, account for 
~70% of the immune cell population in the decidua basalis (42). 
Previous studies have reported that decidualization is associ-
ated with recruitment of NK cells, which are low in proliferative 
phase endometrium, and increase in the mid‑luteal and late 
secretory phases of the menstrual cycle (43,44). These NK 
cells are favorable to embryo implantation and decidualiza-
tion (45). Therefore, the present study explored the role of 
dNK cells in decidualization. As previously stated, dNK cells 
alone did not induce decidualization, whereas pretreatment of 
dNK cells with cAMP and MPA exhibited the opposite effect. 
dNK cells have been reported to promote decidualization in 
two ways: Promoting blood vessel formation (46) or secreting 
cytokines (47). In humans, dNK cells generate various angio-
genic growth factors, including vascular endothelial growth 
factor, angiopoietin‑1, 2, transforming growth factor‑β (48), 
and placental growth factor (49,50), however in mice, dNK 
cells secrete interferon‑γ for spiral artery remodeling (51). 
dNK cells may promote the decidualization by secreting 
IL‑25, accompanied by the aforementioned factors, however, 
the specific mechanism requires further investigation.
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